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$QRQOLQHDUWLPHVHULHVSUHGLFWLRQPHWKRGIRUPLVVLQJGDLO\
IORZUDWHGDWDRI0LGGOH)LUDW&DWFKPHQW

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5HQHZDEOH(QHUJ\'LYLVLRQ(QHUJ\,QVWLWXWH,VWDQEXO7HFKQLFDO8QLYHUVLW\,VWDQEXO7XUNH\

$EVWUDFW
$IWHUWKHFRQVLGHUDWLRQRI&OLPDWH&KDQJHDVDVHULRXVWKUHDWIRU:DWHU5HVRXUFH0DQDJHPHQWK\GURORJLFDOVWXGLHV
KDV EHFRPH WR IRFXV RQ GDWD REVHUYDWLRQ PDQDJHPHQW DQG JHQHUDWLRQ :DWHU 5HVRXUFHV GDWD QHHG FRUUHFW
PHDVXUHPHQW DQDO\VLV DQG UHOLDEOH HVWLPDWHV IRU IXWXUH SODQQLQJ DQG FXUUHQW RSHUDWLRQV IRU LWV SXUSRVHV VXFK DV
GULQNLQJZDWHU LUULJDWLRQDQGHQHUJ\SURGXFWLRQ:DWHU5HVRXUFH'DWDPLQLQJHQVXUHPRQLWRULQJ&OLPDWHFKDQJH
DQGLWVIXUWKHUWKUHDWV,QWKLVVWXG\WKHGDLO\IORZUDWHGDWDRIIRXUGLIIHUHQWVWDWLRQVRQWKH0XUDW5LYHUZHUHXVHGWR
JHQHUDWHWKHGDWDRIRWKHUILIWKVWDWLRQE\XVLQJ$UWLILFLDO1HXUDO1HWZRUNV$11*HQHUDWHGGDWDVHWZDVWHVWHGZLWK
0/5PHWKRGWRFRQWUROLWVDFKLHYHPHQW$V$11DUHQRQOLQHDUVWDWLVWLFDOGDWDPRGHOLQJWRROVWKHLUDFKLHYHPHQWIRU
PRGHOLQJ FRPSOH[ UHODWLRQVKLSV EHWZHHQ LQSXWV DQG RXWSXWV RU WR ILQG SDWWHUQV LQ GDWD DUH PRUH VXFFHVVIXO WKDQ
VWDWLVWLFDO PHWKRGV 8VLQJ QRQOLQHDU VWDWLVWLFDO PHWKRGV ZLOO SURYLGH PDQ\ VLJQLILFDQW EHQHILWV WR QRW RQO\ WR
LQYHVWRUVGXULQJ WKHSODQQLQJSHULRGRI UXQRII ULYHUSRZHUVWDWLRQVEXWDOVR IRU IXUWKHUVWXGLHV LQ:DWHU5HVRXUFH
HQJLQHHULQJ

3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@
.H\ZRUGV$UWLILFLDO1HXUDO1HWZRUNV$111RQOLQHDU7LPH6HULHV)LUDW&DWFKPHQW'DWD*HQHUDWLRQ
1RPHQFODWXUH

$11$UWLILFLDO1HXUDO1HWZRUNV S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,QWURGXFWLRQ
$IWHU WKH FRQVLGHUDWLRQ RI &OLPDWH &KDQJH DV D VHULRXV WKUHDW IRU :DWHU 5HVRXUFH 0DQDJHPHQW
+\GURORJLFDO VWXGLHV KDYH EHFRPH WR IRFXV RQ GDWD REVHUYDWLRQ PDQDJHPHQW DQG JHQHUDWLRQ :DWHU
5HVRXUFHVGDWDQHHGFRUUHFWPHDVXUHPHQWDQDO\VLVDQGUHOLDEOHHVWLPDWHVIRUIXWXUHSODQQLQJDQGFXUUHQW
RSHUDWLRQV IRU LWV SXUSRVHV VXFK DV GULQNLQJ ZDWHU LUULJDWLRQ DQG HQHUJ\ SURGXFWLRQ +HQFH :DWHU
5HVRXUFH'DWDPLQLQJHQVXUHPRQLWRULQJ&OLPDWH&KDQJHDQGLWVIXUWKHUWKUHDWV,QWKLVVWXG\WKHGDLO\
IORZUDWHGDWDRIIRXUGLIIHUHQWVWDWLRQVRQWKH0XUDW5LYHUZHUHXVHGWRJHQHUDWHWKHGDWDRIRWKHUILIWK
VWDWLRQ E\ XVLQJ$UWLILFLDO1HXUDO1HWZRUNV $11 &RPSXWHU VLPXODWLRQ DOORZV XVHUV WR FRQYHUW UHDO
ZRUOG GDWD LQWR D FRPSXWHU SURJUDP DQG DOORZV EHWWHU REVHUYDWLRQ DQG YLVXDOL]DWLRQ5HFHQWO\1HXUDO
1HWZRUNVDUHXVHGWRJHQHUDWHQHZGDWDVHWIURPDQRWKHUGDWDVHWDVZHOODVFODVVLFDOVWDWLVWLFDOPHWKRGV
,Q PRVW FDVHV DQ $11 LV DQ DGDSWLYH V\VWHP WKDW FKDQJHV LWV VWUXFWXUH EDVHG RQ H[WHUQDO RU LQWHUQDO
LQIRUPDWLRQWKDWIORZVWKURXJKWKHQHWZRUNGXULQJWKHOHDUQLQJSKDVH$11DUHQRQOLQHDUVWDWLVWLFDOGDWD
PRGHOLQJWRROV7KH\FDQEHXVHGWRPRGHOFRPSOH[UHODWLRQVKLSVEHWZHHQLQSXWVDQGRXWSXWVRUWRILQG
SDWWHUQVLQGDWD%HVLGHWKLVLQSURSHUO\WUDLQHG$11DOVRKDYHWKHDELOLW\WRUHVSRQGWRWKHGDWDWKDWKDYH
QRW EHHQ XVHG GXULQJ WKH WUDLQLQJ SHULRG $11 DUH VHOIRUJDQL]HG WR UHJXODWH WKH ZHLJKWV DQG ELDVHV
DFFRUGLQJWRWKHSUREOHPLWLVUXQQLQJRQ7KDW¶VZK\$UWLILFLDO1HXUDO1HWZRUNVKDYHPRUHDFKLHYHPHQW
LQGDWDJHQHUDWLRQFRPSDUHGWRFODVVLFDOVWDWLVWLFDOPHWKRGVZKLFKDOVRHPSKDVLVWKHDGYDQWDJHVRIQRQ
OLQHDUPRGHOOLQJ
0HWKRGV
$UWLILFLDO1HXUDO1HWZRUNV

$UWLILFLDOQHXUDOQHWZRUNVXVXDOO\FDOOHGQHXUDOQHWZRUNVDUHPDWKHPDWLFDOPRGHORUFRPSXWDWLRQDO
PRGHO WKDW WULHV WR VLPXODWH WKH VWUXFWXUH DQGRU IXQFWLRQDO DVSHFWV RI ELRORJLFDO QHXUDO QHWZRUNV ,W
FRQVLVWV RI DQ LQWHUFRQQHFWHG JURXSRI DUWLILFLDO QHXURQV DQGSURFHVVHV LQIRUPDWLRQ XVLQJ D FRQQHFWLRQ
DSSURDFKIRUFRPSXWDWLRQ,QPRVWFDVHVDQ$11LVDQDGDSWLYHV\VWHPWKDWFKDQJHVLWVVWUXFWXUHEDVHG
RQH[WHUQDORU LQWHUQDO LQIRUPDWLRQ WKDW IORZV WKURXJK WKHQHWZRUNGXULQJ WKH OHDUQLQJSKDVH$11DUH
QRQOLQHDU VWDWLVWLFDO GDWD PRGHOLQJ WRROV 7KH\ FDQ EH XVHG WR PRGHO FRPSOH[ UHODWLRQVKLSV EHWZHHQ
LQSXWV DQG RXWSXWV RU WR ILQG SDWWHUQV LQ GDWD ,W LV NQRZQ WKDW QHXUDO QHWZRUNV 11 HQVXUH VPDOOHU
PRGHOOLQJ HUURU WKDQ FODVVLFDO PHWKRGV DQG EHFDXVH RI WKDW WKH\ DUH YHU\ VXLWDEOH IRU JHQHUDWLQJ ERWK
VSHFLILFVDQGUHJLRQDOPRGHOV
$11PD\EHGHVFULEHG DV DQHWZRUNRI LQWHUFRQQHFWHGQHXURQV VRPHWLPHV FDOOHGQRGHV)LJXUH
SUHVHQWVWKHVWUXFWXUHRIDQLQGLYLGXDOQHXURQ(DFKQHXURQFRQVLVWVRIDQXPEHURILQSXWDUFVVWHPPLQJ
IURPRWKHUQHXURQVRUIURPRXWVLGHWKHQHWZRUNXXQDQGDQXPEHURIRXWSXWDUFVZKLFKLQWXUQOHDG
WRRWKHUQHXURQVRUWRWKHµRXWVLGHZRUOG¶$QHXURQFRPSXWHVDQRXWSXWEDVHGRQWKHZHLJKWHGVXPRI
DOO LWV LQSXWV 6M DFFRUGLQJ WRDQDFWLYDWLRQ IXQFWLRQ I6M7KHVHDFWLYDWLRQ IXQFWLRQVPD\EH ORJLVWLF
VLJPRLGVHH)LJXUHOLQHDUWKUHVKROG*DXVVLDQRUK\SHUEROLFWDQJHQWIXQFWLRQVGHSHQGLQJRQWKHW\SH
RIQHWZRUNDQG WUDLQLQJDOJRULWKPHPSOR\HG ,Q WKHPDMRULW\RIVWXGLHV WKH ORJLVWLFVLJPRLGIXQFWLRQRU
K\SHUEROLFWDQJHQWIXQFWLRQVDUHXVHG>@
,QSXWV WR WKH QHWZRUN SUHGLFWRUV DUH SDVVHG IURP WKH LQSXW OD\HU RI QHXURQV WKURXJK WKH KLGGHQ
OD\HUVRIQHXURQVWRWKHRXWSXWOD\HUZKHUHWKH\EHFRPHSUHGLFWRUV1HXURQVLQWKHLQSXWOD\HUGRQR
PRUHWKDQGLVSHUVHDOOSUHGLFWRUV WRHDFKQHXURQLQ WKHKLGGHQOD\HU7KHQHWZRUNRSHUDWHVE\DSSO\LQJ
ZHLJKWVWRYDOXHVDVWKH\SDVVIURPRQHOD\HUWRWKHQH[WDQGFDOFXODWLQJRXWSXWVIRUHDFKRIWKHQHXURQV
LQDOORWKHUOD\HUV>@

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)LJ$FWLYDWLRQRIDVLQJOHQHXURQ
0XOWLSOH/LQHDU5HJUHVVLRQ
0XOWLSOH OLQHDU UHJUHVVLRQ DWWHPSWV WR PRGHO WKH UHODWLRQVKLS EHWZHHQ WZR RU PRUH H[SODQDWRU\
YDULDEOHV DQG D UHVSRQVH YDULDEOH E\ ILWWLQJ D OLQHDU HTXDWLRQ WR REVHUYHG GDWD (YHU\ YDOXH RI WKH
LQGHSHQGHQWYDULDEOH[LVDVVRFLDWHGZLWKDYDOXHRIWKHGHSHQGHQWYDULDEOH\7KHSRSXODWLRQUHJUHVVLRQ
OLQHIRUSH[SODQDWRU\YDULDEOHV[[[SLVGHILQHGWREH
SS\ [[[ EEEP    
7KLV OLQHGHVFULEHVKRZWKHPHDQUHVSRQVHP\FKDQJHVZLWK WKHH[SODQDWRU\YDULDEOHV7KHREVHUYHG
YDOXHVIRU\YDU\DERXWWKHLUPHDQVP\DQGDUHDVVXPHGWRKDYHWKHVDPHVWDQGDUGGHYLDWLRQV7KHILWWHG
YDOXHVEE ES HVWLPDWH WKH SDUDPHWHUVEE«ES RI WKH SRSXODWLRQ UHJUHVVLRQ OLQH 6LQFH WKH
REVHUYHGYDOXHVIRU\YDU\DERXW WKHLUPHDQVP\ WKHPXOWLSOHUHJUHVVLRQPRGHO LQFOXGHVD WHUPIRU WKLV
YDULDWLRQ ,Q ZRUGV WKH PRGHO LV H[SUHVVHG DV '$7$   ),7  5(6,'8$/ ZKHUH WKH ),7 WHUP
UHSUHVHQWVWKHH[SUHVVLRQ
SS [[[ EEEE    
7KH5(6,'8$/WHUPUHSUHVHQWVWKHGHYLDWLRQVRIWKHREVHUYHGYDOXHV\IURPWKHLUPHDQVP\ZKLFK
DUH QRUPDOO\ GLVWULEXWHG ZLWK PHDQ  DQG YDULDQFH V 7KH QRWDWLRQ IRU WKH PRGHO GHYLDWLRQV LV H
)RUPDOO\WKHPRGHOIRUPXOWLSOHOLQHDUUHJUHVVLRQVJLYHQQREVHUYDWLRQV
LLLL [[\ HEEE    
,QWKHOHDVWVTXDUHVPRGHO WKHEHVWILWWLQJOLQHIRUWKHREVHUYHGGDWDLVFDOFXODWHGE\PLQLPL]LQJWKH
VXPRIWKHVTXDUHVRIWKHYHUWLFDOGHYLDWLRQVIURPHDFKGDWDSRLQWWRWKHOLQHLIDSRLQWOLHVRQWKHILWWHG
OLQHH[DFWO\WKHQLWVYHUWLFDOGHYLDWLRQLV%HFDXVHWKHGHYLDWLRQVDUHILUVWVTXDUHGWKHQVXPPHGWKHUH
DUHQR FDQFHOODWLRQVEHWZHHQSRVLWLYH DQGQHJDWLYHYDOXHV7KH OHDVWVTXDUHV HVWLPDWHVEE ES DUH
XVXDOO\FRPSXWHGE\VWDWLVWLFDOVRIWZDUH7KHYDOXHVILWE\WKHHTXDWLRQEE[ES[SDUHGHQRWHG L\Ö DQGWKHUHVLGXDOVHLDUHHTXDOWR LL \\ Ö WKHGLIIHUHQFHEHWZHHQWKHREVHUYHGDQGILWWHGYDOXHV7KHVXPRIWKHUHVLGXDOVLVHTXDOWR]HUR7KHYDULDQFHVPD\EHHVWLPDWHGE\



 
¦
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
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$OVRNQRZQDVWKHPHDQVTXDUHGHUURUZKHUHQUHIHUVWKHREVHUYDWLRQQXPEHUDQGSUHIHUVWKHQXPEHURI
YDULDEOHV>@
$SSOLFDWLRQDQG5HVXOWV
5HJLRQ
7KHGDWDXVHG LQ WKHDSSOLFDWLRQZHUHJDWKHUHG IURP WKHREVHUYDWLRQVWDWLRQVRI7XUNLVK0LQLVWU\RI
(QHUJ\ DQG )RUHVWU\ *HQHUDO 'LUHFWRUDWH DQG (OHFWULFDO 3RZHU 5HVRXUFHV 6XUYH\ DQG 'HYHORSPHQW
$GPLQLVWUDWLRQRQ0XUDW5LYHUORFDWHGRQ0LGGOH)LUDW&DWFKPHQWVHH)LJXUH>@

'DWD

(OHFWULFDO 3RZHU 5HVRXUFHV 6XUYH\ DQG'HYHORSPHQW$GPLQLVWUDWLRQ KDV  RSHQIORZ REVHUYDWLRQ
VWDWLRQVRQWKH0XUDW5LYHUDQGRQLWVEUDQFKHVRIWKHPDUHVWLOORQUXQDQGRIWKHPDUHFORVHG7KH
GDWDZHUHJDWKHUHGIURPRSHQVWDWLRQVDQG%HVLGHWKLVWKHGDWDXVHGLQ
WKLVVWXG\DUHLQWKHVDPHWLPHSHULRGDQGWKHUHLVQRWDQ\PLVVLQJGDWD7DEOHUHIHUVWRWKHVWDWLVWLFDO
SURSHUWLHV RI WKH GDWD ,Q DGGLWLRQ WKH VWDWLRQV DUH GLIIHUHQW IURP HDFK RWKHU GXH WR WKH UDLQIDOO DUHDV
PHDVXUHG IORZUDWHV ZHUH REWDLQHG E\ GLYLGLQJ WKHP WR EDVLQ DUHDV WR DFKLHYH HIILFLHQW UHVXOWV 7KH
$UWLILFLDO1HXUDO1HWZRUNVXVHGLQWKHVWXG\LVFRPSRVHGRIQRGHVLQLQSXWOD\HUQHXURQVLQKLGGHQ
OD\HUDQGQHXURQLQRXWSXWOD\HUZLWKVLJPRLGDFWLYDWLRQIXQFWLRQV

7DEOH6WDWLVWLFDOSURSHUWLHVRIWKHVWDWLRQ

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








)LJ0XUDW5LYHUORFDWHGRQ0LGGOH)LUDW&DWFKPHQWDQGREVHUYDWLRQVWDWLRQV
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
'DWDVHWXVHGLQWKLVVWXG\FRPSRVHGRI\HDUVGDLO\IORZUDWHDQGWKHUHLVQRPLVVLQJGDWD7KHILUVW
 \HDUV ZHUH XVHG IRU WUDLQLQJ DQG WKH ODVW  \HDUV ZHUH XVHG IRU WHVWLQJ 7KH UHVXOWV REWDLQHG E\
$UWLILFLDO1HXUDO1HWZRUNVKDYHEHHQFRPSDUHGZLWKWKHUHVXOWVREWDLQHGE\/LQHDU5HJUHVVLRQ$QDO\VLV

5HVXOWV

,Q WKLV VWXG\ LQSXWVZHUH JURXSHG LQ SDLUV IRU JHQHUDWLQJ WKH GDWD RI VRPH RWKHU VWDWLRQ7KH GDLO\
IORZUDWHGDWDRIVWDWLRQVDQGZHUHXVHGLQWKHFDVHVWXG\2QDQRWKHU
QRWH DOO WKH GDWD DUH ZLWKLQ WKH VDPH WLPHSHULRG DQG WKHUH LV QRW DQ\PLVVLQJ GDWD ,Q DGGLWLRQ WKH
VWDWLRQV DUH GLIIHUHQW IURP HDFK RWKHU GXH WR WKH UDLQIDOO DUHDVPHDVXUHG IORZUDWHVZHUH REWDLQHG E\
GLYLGLQJWKHPWREDVLQDUHDVWRDFKLHYHHIILFLHQWUHVXOWV
$11V FDQ OHDUQ WKH V\VWHPV KDYLQJ D SK\VLFDO UHODWLRQVKLS EHWZHHQ LQSXWV DQG RXWSXWV 7KHUH LV D
FHUWDLQSK\VLFDO UHODWLRQVKLSEHWZHHQ WKHGLVFKDUJHDQG WKH IORZRI VWDWLRQVRQ WKHXSDQGGRZQVWUHDP
DQGRUWKHVWDWLRQVRQWKHPDLQEUDQFKRIWKHULYHU%HVLGHWKLVWKHUHLVQ¶WDGLUHFWUHODWLRQVKLSEHWZHHQ
WKHULYHUDQGLWVVPDOOEUDQFKHV

7DEOH&RPSDULVRQRI$11DQG0/5UHVXOWV

,QSXW 2XWSXW 0HWKRG 5


$11 
 0/5 
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
7KHUHODWLRQVKLSEHWZHHQWKHPDLQULYHUDQGLWVEUDQFKHVDUHEDVHGRQWKHVHDVRQDOEHKDYLRXUVRIWKH
IORZV,QDGGLWLRQWKHGDWDREWDLQHGIURPWKHVWDWLRQVORFDWHGRQWKHXSVWUHDPDQGGRZQVWUHDPSDUWRIWKH
EDVLQJLYHVWKHEHVWUHVXOWVIRUGDWDJHQHUDWLRQRIWKHVWDWLRQVORFDWHGRQWKHPLGGOHSDUWRIWKHEDVLQ7KH
VWDWLRQLVORFDWHGRQDVPDOOEUDQFKRI0XUDW5LYHU7KHUHIRUH$11¶VDFKLHYHPHQWRQWKHGDWDRI
VWDWLRQLV ORZHU WKDQWKHRWKHUV7DEOHUHIHUV WR WKHFRPSDULVRQRIUHVXOWVERWK$11VDQG0/5
PHWKRGV6LQFHVWDWLRQLVORFDWHGRQWKHVPDOOEUDQFK0/5UHVXOWRILWLVDOVRORZHUWKDQWKHRWKHUV
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7KLVVLJQLILHVWKHLPSRUWDQFHRIK\GURORJLFORFDWLRQRIWKHVWDWLRQVRQGDWDJHQHUDWLRQ+HQFH$11UHVXOW
RI  LV WKH ORZHVW LQ DOO JURXS WKRXJK LQ FRPSDULVRQ$11 UHVXOW LV VWLOO JUHDWHU WKDQ0/5 7KDW
HPSKDVLVWKHDGYDQWDJHRIQRQOLQHDUPRGHOOLQJWROLQHDURQH
&RQFOXVLRQ
/LQHDUHTXDWLRQVFDQRQO\OHDGWRH[SRQHQWLDOO\HLWKHUGHFD\LQJRUJURZLQJRUSHULRGLFDOO\RVFLOODWLQJ
VROXWLRQV DOO LUUHJXODU EHKDYLRXU RI WKH V\VWHP KDV WR EH DWWULEXWHG WR VRPH UDQGRP H[WHUQDO LQSXW WR
V\VWHP$V$11DUHQRQOLQHDUVWDWLVWLFDOGDWDPRGHOLQJWRROV WKHLUDFKLHYHPHQWIRUPRGHOLQJFRPSOH[
UHODWLRQVKLSVEHWZHHQ LQSXWV DQGRXWSXWVRU WR ILQGSDWWHUQV LQGDWD DUHPRUH VXFFHVVIXO WKDQ VWDWLVWLFDO
PHWKRGV 8VLQJ QRQOLQHDU VWDWLVWLFDO PHWKRGV ZLOO SURYLGH PDQ\ VLJQLILFDQW EHQHILWV WR QRW RQO\ WR
LQYHVWRUVGXULQJWKHSODQQLQJSHULRGRIUXQRIIULYHUSRZHUVWDWLRQVEXWDOVRIRUIXUWKHUVWXGLHVLQ:DWHU
5HVRXUFHHQJLQHHULQJ
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